Leaves of Eriobotrya japonica (loquat) have been used in Traditional Chinese Medicine with beneficial effects in numerous diseases. Extracts from loquat leaves are rich in antioxidants, containing among others: triterpenes, sesquiterpenes, flavonoids, tannins, and megastigmane glycosides. However, there is no conclusive study revealing which of these compounds are the main bioactive principles. The goal of this study was to pinpoint compounds responsible for strong antioxidant activity. Eriobotryae folium was extracted and fractionated between solvents of increasing polarity. All extracts and fractions were screened for total polyphenols and tannins, and antioxidant activity was checked by DPPH, phosphomolybdenum and linoleic acid tests. The ethyl acetate fraction demonstrated the highest antioxidant activity and contained the largest amount of polyphenols. Applying HPLC-based activity profiling to localize antioxidants revealed that cinchonain IIb, as well as flavonoid glycosides such as hyperoside, isoquercitrin, kaempferol glycosides, quercetin-rhamnoside, as well as two tentatively identified protocatechuic acid derivatives are the main substances responsible for the strong antioxidant activity of the ethyl acetate fraction.
The ethyl acetate fraction demonstrated the highest ability to scavenge the 2,2'-diphenylpicrylhydrazyl radical, as well as the highest capacity to reduce metal ions, and the ability to prevent the oxidation of linoleic acid ( Table 1 ). The reducing power of each fraction, expressed as the percentage of ascorbic acid equivalent activity, was weak at 37°C for all fractions. What is interesting, despite the n-butanol fraction having significantly weaker capacity to reduce metal ions at 37°C in the phosphomolybdenum assay, at 90°C it was equally as strong as the ethyl acetate fraction. This may be caused by a significantly greater content of thermolabile antioxidants such as polyphenols and tannins in this fraction [8] .
We assessed the inhibition of peroxidation of linoleic acid by detection of final peroxidation products, such as malonyl dialdehyde and other molecules that react with thiobarbituric acid. The ethyl acetate and butanol fractions showed the highest inhibition, lowered TBARS by 69.5% and 66.5%, respectively, at 500 μg/mL concentration. These fractions revealed strong inhibition, even at very small concentration (10 μg/mL), by 48.1% and 48.0%, respectively. Spearman's rank correlation showed strong correlation between DPPH assay (EC 50 ) and the content of polyphenols (-0.942) and tannins (-0.828) ( Table 2) . Taking into account the results above, we selected the ethyl acetate fraction for further study. HPLC-based activity profiling was applied to localize compounds responsible for the strongest antioxidant activity. With this approach, sub-mg amounts of a fraction were efficiently separated by analytical scale HPLC and automatically fractionated into micro-fractions in 96-well plates.
After drying, the plates were retested for antioxidant activity by DPPH assay. Micro-fractionation was carried out with a short C18 (18) and tentatively determined two protocatechuic acid glycosides (1, 2) and two kaempferol glycosides (15, 16) ( Table 3 ). All identified compounds were previously detected in this plant [1, [9] [10] [11] [12] [13] [14] . Figure 1 shows a chromatogram of the ethyl acetate fraction acquired at 220-450 nm, and Table 3 presents the UV and mass spectral data of the detected compounds. Although most of the eluting microfractions have some anti-radical activity, there are only a few clearly outstanding peaks. Compounds 1, 2, 8, 10-12, and 14 are especially interesting due to their strong capacity to scavenge DPPH radicals. The strong antioxidant activity of flavonoid glycosides is widely known [15] , but using HPLC-based activity profiling we can see which of them play the most important roles in the antioxidant properties of the ethyl acetate fraction. The major highly active compound was 8, identified as cinchonain IIb. Despite a small amount of it in this fraction, it markedly contributed as the second strongest DPPH scavenging peak. Earlier study confirmed strong DPPH free radical scavenging activity of cinchonain IIb, where it achieved an EC 50 of 5.05 μmol/L compared with 30.1 μmol/L for ascorbic acid [16] . In the ethyl acetate fraction there are also substances with very strong antioxidant activity (compounds 1 and 2), not fully characterized so far.
However, based on their MS-MS spectra and molecular formula prediction by HR-TOF-MS we identified compound 1 tentatively as a protocatechuic acid hexoside. The negative ionization parent ion at m/z 315 after the loss of the hexosyl molecule would yield a fragment at m/z 153, corresponding to protocatechuic acid -H + and the fragment at m/z 109 would be protocatechuic acid after loss of a carboxyl moiety [17] . The same fragmentation pattern was observed for compound 2 (m/z 505), which leaves an unidentified moiety responsible for the ion at m/z 190, but the respective fragment ion was not detected in the MS, so it could be a result of a neutral loss. We hypothesize that it could be another derivative of a protocatechuic glycoside. The molecular formula predicted by the software is quite unlikely for the obtained mass spectrum, though.
In conclusion, we can confirm that HPLC-based activity profiling is a good method to localize the compounds with highest antioxidant activity. For the ethyl acetate fraction of E. japonica leaves it allowed detection and direct assessment of strong antioxidant activity of a few polyphenols, but also pointed to a very strong activity and abundance of two putative dihydroxybenzoic derivatives that are worth investigating further aiming at their isolation, full identification and detailed bioactivity testing. 
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Experimental
Plant material: The leaves of Eriobotrya japonica (Rosaceae), were obtained from a vendor of traditional Chinese medicines, Beijing Tong-Ren-Tang (China). A voucher sample is deposited in the herbarium of Botanical Garden of Medicinal Plants (specimen database entry "Rosac_Eriobotrya_japonica_CN_Nawrot2015-1"). The dried leaves (70.0 g) were extracted with acetone/water (70:30, v/v, 5 x 500 mL) at 30°C, in an ultrasonic bath (Polsonic, Poland). Acetone and water were evaporated under reduced pressure. The dry extract (4.0 g) was suspended in water (100 mL) and partitioned between dichloromethane (5 x100 mL), diethyl ether (4 x100 mL), ethyl acetate (5 x100 mL) and finally n-butanol (5 x100 mL), affording 0.86, 0.34, 0.11, and 0.11 g of each dried fraction, respectively and 0.55 g of water residue fraction.
Reagents: 2,2-Diphenyl-1-picrylhydrazyl (DPPH), thiobarbituric acid (TBA), and hide powder were purchased from Sigma-Aldrich (Steinheim, Germany). Linoleic and gallic acid were purchased from Fluka AG, and trichloroacetic acid from Ubichem UK. All other reagents and solvents were obtained from Avantor-POCh, (Gliwice, Poland).
DPPH scavenging assay:
The ability to scavenge the DPPH free radical was monitored according to a modified method of [17] . Briefly, DPPH solution (0.3 mM) was prepared in methanol. The extract and fractions were dissolved in a mixture of methanol and water (9:1, v/v) to obtain stock solution (1 mg/mL). Then each stock solution was diluted to obtain final concentrations of 1-250 μg/mL in the assay mixture. DPPH solution (125 μL) and 125 μL of the test extract and fractions at different concentrations were added to a 96-well plate. The absorbance at 517 nm was measured 30 min after mixing using a microplate reader (μQUANT, BioTek, USA). Vitamin C was the positive control. The percentage of scavenged DPPH was then calculated according to Eq1:
where Abt is the absorbance of DPPH solution with the test extracts, Ab0 is the absorbance of DPPH solution with a mixture of methanol and water (9:1, v/v) and Abr is the absorbance of the test extract solution with the addition of methanol. The antiradical activity of extracts was expressed as an EC 50 value.
Phosphomolybdenum reduction assay:
The antioxidant capacity of the extract and fractions was assessed as described by Prieto et al. [18] , with our modifications [19] . Extract and fractions were dissolved in a mixture of methanol and water (9:1 v/v) to obtain stock solution (5 mg/mL). Then each stock solution was diluted to obtain final concentrations of 10-500 μg/mL in the assay mixture. The extract and fractions were combined with the reagent solution containing ammonium molybdate (4 mM), sodium phosphate (28 mM) and sulfuric acid (600 mM). The reaction mixture was incubated in a water bath at either 37°C or 90°C for 90 min. The absorbance of the colored complex was measured at 695 nm. The antioxidant activity was compared with that of ascorbic acid in the same concentration range.
Inhibition of linoleic acid peroxidation:
The procedure of Wozniak et al. [19] , using Fenton reaction induced lipid peroxidation, has been adapted for this assay. The extract and fractions dissolved in water, achieved a concentration range of 10-500 μg/mL in the assay mixture. Each fraction (150 μL) was mixed with 500 μL phosphate buffer (0.1M, pH 7.4), and 550 μL linoleic acid emulsion (linoleic acid mixed with Tween 80, 3:1, w/w); next 1.12 g emulsion was mixed with 50 mL 0.1 M phosphate buffer (pH 7.4)), and 150 μL 10 mM ascorbic acid. The peroxidation was started with the addition of 150 μL 10 mM FeSO 4 . The reaction mixture was incubated for 90 min. at 37°C. Thereafter, 1.5 mL of 10% ice cold trichloroacetic acid was added and 1.5 mL of 1% thiobarbituric acid in 50 mM NaOH. The samples were heated in a water bath at 90°C for 10 min. After cooling the samples, 2 mL of n-BuOH was added and mixed well. The absorbance was read at 532 nm after transferring 300 μL of BuOH phase from samples to the 96-well plate. The percentage of linoleic acid peroxidation inhibition was calculated as in [19] , using appropriate controls. Quercetin was used as a positive control.
Total polyphenols and tannins: Total phenolic content was determined with the Folin-Ciocalteu reagent according to a procedure described previously [20] . Tannin compounds were measured by parallel experiments with extracts vortexed for 1 h with 10 mg mL -1 using hide powder. The results were expressed as gallic acid equivalents according to the standard gallic acid calibration curve. Total tannins were calculated by subtraction of polyphenols non-absorbed by hide powder from the total phenol content.
HPLC apparatus: HPLC analyses were performed using an Ultimate 3000RS series system (Thermo Dionex, Idstein, Germany) equipped with a low-pressure quaternary gradient pump for a working pressure of up to 103MPa with vacuum degasser, an auto-sampler, a column compartment, and a diode array detector. For mass spectrometry, either a high resolution Time-of-flight mass spectrometer (Bruker qTOF Compact, Bruker Daltonik, Bremen, Germany) or an ion trap (Bruker Amazon SL) equipped with ESI interface was used. The system was controlled by Bruker HyStar. Microfractioning approach was adapted from Hamburger et al. [21] . Collecting of fractions was made with a Gilson 203 fraction collector.
HPLC-DAD conditions for micro-fractionation:
Microfractionation was carried out using a Kinetex C18 analytical column (50 mm×3.0 mm×1.7 μm) (Phenomenex Torrance, CA, USA). Column temperature was maintained at 25
• C. Elution was conducted using mobile phase A {water:formic acid (100:0. 
LC-MS analysis:
The eluate leaving the DAD detector was introduced into the mass spectrometer without splitting. For MS 1 and HR-MS we used the qTOF mass spectrometer, whereas for MS 3 the ion trap detector was used. The parameters for ESI source were: nebulizer pressure 40 psi; dry gas flow 7 L/min; dry temperature 200°C and capillary voltage 2.2 kV. Analysis was carried out using scanning from m/z 50 to 2200. Compounds were analyzed in negative and positive ion mode and processed using Bruker Compass software.
Statistical analysis: Each of the antioxidant tests and analysis of total polyphenols and tannins was made in 6 repetitions. Spearman's rank correlation and EC 50 were calculated using Statistica 12 (Statsoft, Poland).
